
Molecular Medicine REPORTS  22:  3715-3722,  2020

Abstract. The imbalance induced by inhibition of bone mesen-
chymal stem cell (BMSC) osteogenic differentiation results 
in osteoporosis (OP); however, the underlying regulatory 
mechanism is not completely understood. Long non‑coding 
RNAs (lncRNAs) serve crucial roles in osteogenic differ-
entiation; therefore, investigating their regulatory role in the 
process of osteogenic differentiation may identify a promising 
therapeutic target for OP. The expression of small nucleolar 
RNA host gene 1 (SNHG1), Dickkopf 1 (DKK1), microRNA 
(miR)‑101, RUNX family transcription factor 2 (RUNX2), 
osteopontin (OPN) and osteocalin (OCN) were detected via 
reverse transcription‑quantitative PCR. The protein expres-
sion levels of DKK1, β‑catenin, RUNX2, OPN, OCN, osterix 
and collagen type I α1 chain were analyzed by performing 
western blotting. The osteoblastic phenotype was assessed 
by conducting alkaline phosphatase activity detection and 
Alizarin Red staining. The interaction between SNHG1 and 
miR‑101 was validated by bioinformatics and luciferase assays. 
The regulatory role of SNHG1 in BMSC osteogenic differen-
tiation was assessed. SNHG1 expression was downregulated 
in a time‑dependent manner during the process of osteogenic 
differentiation. SNHG1 overexpression inhibited osteogenic 
differentiation compared with the pcDNA group. The results 
indicated that SNHG1 and DKK1 directly interacted with 
miR‑101. Moreover, SNHG1 regulated the Wnt/β‑catenin 
signaling pathway to inhibit osteogenic differentiation via the 
miR‑101/DKK1 axis. The present study indicated that lncRNA 

SNHG1 could attenuate BMSC osteogenic differentiation via 
the miR‑101/DKK1 axis as a competitive endogenous RNA. 
Therefore, the present study furthered the current under-
standing of the potential mechanism underlying lncRNAs in 
in osteogenic differentiation.

Introduction

As a serious chronic systemic bone disease, osteoporosis 
(OP) involves excessive bone resorption and decreased bone 
formation (1), resulting from an imbalance induced by inhibi-
tion of osteogenic differentiation (2), such as abnormal bone 
mesenchymal stem cell (BMSC) differentiation, the precursor 
cells of osteoblasts (2). Due to their osteogenic differentia-
tion ability, BMSCs were indicated to be a suitable cell type 
for the repair and remodeling of bones (3). Therefore, it is of 
significance to induce BMSC differentiation into bone tissues 
for OP treatment, and the mechanism to enhance osteogenic 
differentiation has received increasing attention.

Long non‑coding RNAs (lncRNAs) are non‑coding RNAs, 
>200 nucleotides in length, that regulate different processes 
via various molecular mechanisms (4). It has been reported 
that lncRNAs participate in regulating osteogenic activity. 
For instance, KCNQ1 opposite strand/antisense transcript 1 
(KCNQ1OT1) regulates osteogenic differentiation by sponging 
microRNA (miRNA/miR)‑214  (5), whereas MALAT1 
promotes osterix  (OSX) expression to regulate osteogenic 
differentiation by sponging miRNA‑143 (6). Small nucleolar 
RNA host gene 1 (SNHG1) is upregulated in numerous types 
of cancer  (7,8), and can attenuate heterogeneous nuclear 
ribonucleoprotein C‑p53 protein interactions to enhance the 
stability of p53 (4). Besides, elevated SNHG1 can contribute 
to the progression of non‑small cell lung cancer via inhibition 
of miR‑101‑3p (9). Moreover, SNHG1 inhibits BMSC osteo-
genic differentiation by modulating the p38 MAPK signaling 
pathway (10). However, the molecular mechanism underlying 
lncRNA SNHG1‑mediated regulation of BMSC differentia-
tion is not completely understood.

miRNAs are 18‑25 base‑long endogenous RNAs that 
are involved in regulating multiple physiological biological 
processes (11). miR‑101 is significantly upregulated during 
human BMSC osteogenic differentiation, and it can target 
the enhancer of zeste  2 polycomb repressive complex  2 
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subunit/Wnt/β‑catenin signaling pathway to promote human 
BMSC osteogenic differentiation (12). Bioinformatics analysis 
has revealed that SNHG1 has a miR‑101 binding region (13); 
however, whether SNHG1 regulates BMSC osteogenic 
differentiation by binding with miR‑101 is not completely 
understood.

The entire osteoblastic lineage is affected by Wnt signaling, 
and Wnt/β‑catenin signaling can indirectly repress osteo-
clast differentiation and bone resorption (14,15). Dickkopf 1 
(DKK1) is a Wnt signaling inhibitor, which inhibits the 
canonical Wnt signaling pathway by binding to the Wnt 
complex receptor Low‑density lipoprotein receptor‑related 
protein 5/6 (16). By bioinformatics, it was also predicted that 
there may be a binding site between miR‑101 and DKK1 (17). 
Moreover, to the best of our knowledge, no previous study has 
focused on the regulation of BMSC osteogenic differentiation 
via the miR‑101/DKK1/Wnt axis. It was hypothesized that 
the SNHG1/miR‑101/DKK1 axis served a regulatory role in 
BMSC osteogenic differentiation.

Materials and methods

Cell culture. Human BMSCs (cat. no. HUXMA‑01001; Cyagen 
Biosciences) were cultured in DMEM (HyClone; Cytiva) 
containing 10% FBS (Gibco; Thermo Fisher Scientific, Inc.), 
100 U/ml penicillin and 100 U/ml streptomycin. Cells were 
cultured in a humidified atmosphere containing 5% CO2 at 
37˚C.

Induction of osteogenic differentiation. To induce osteogenic 
differentiation, cells were cultured in osteogenic differentiation 
medium consisting of DMEM with 10% FBS, dexametha-
sone (100 nM; Sigma‑Aldrich; Merck KGaA), ascorbic acid 
2‑phosphate (200 µM; Sigma‑Aldrich; Merck KGaA) and 
β‑glycerophosphate (10 mM; Sigma‑Aldrich; Merck KGaA) 
for 15 days at 37˚C. The medium was changed every 3 days.

Cell transfection. pcDNA‑SNHG1and miR‑101 mimics were 
constructed and purchased from Shanghai GenePharma Co., 
Ltd.. Cells were transfected with 200 ng/well pcDNA‑SNHG1, 
pcDNA empty vector and 50  nM miR‑101 mimics (UAC​
AGU​ACU​GUG​AUA​ACU​GAA​) and its scramble control 
(mimics‑NC) (UCA​CAA​CCU​CCU​AGA​AAG​AGU​AGA​) using 
Lipofectamine® 3000 (Invitrogen; Thermo Fisher Scientific, 
Inc.) according to the manufacturer's protocol when the conflu-
ence of the cells reached 70‑80%. Then, cells were collected at 
48 h after transfection for further use.

Luciferase activity assay. The predicted miR‑101 binding site 
in SNHG1 and DKK1, as well as the mutated regions, were 
amplified and cloned into the pmirGLO plasmid (Promega 
Corporation). Then, 1x104/well 293T cells were co‑trans-
fected with 800 ng luciferase reporter plasmid and 50 pmol 
miRNA mimics or mimics‑negative control  (NC) using 
Lipofectamine 3000 in a 24‑well plate. At 48 h post‑transfec-
tion, the Dual‑Luciferase Reporter Assay system (Promega 
Corporation) was used to examine relative luciferase activity. 
Fluorescence signals were normalized to those of Renilla 
luciferase activity, and are presented as the mean ± SD of three 
independent experiments.

Alkaline phosphatase (ALP) activity detection. ALP staining 
was performed using an ALP activity colorimetric assay kit 
(BioVision, Inc.) following the manufacturer's instructions. 
Briefly, cells were fixed with 70% ethanol at room tempera-
ture for 30 min and washed with PBST. Then, 50 µl 5 mM 
P‑nitrophenyl phosphate (p‑NPP) solution was added to test and 
control samples, and 10 µl ALP enzyme solution was added to 
each p‑NPP Standard wells and incubated at room temperature 
for 15‑30 min. Cells were gently washed three times with cold 
PBS. Subsequently, cells were lysed with 1% Triton X‑100 
(Sigma‑Aldrich; Merck KGaA) and washed with deionized 
water. The absorbance of p‑nitrophenol at a wavelength of 
405 nm was measured using a microplate reader (Bio‑Rad 
Laboratories, Inc.) according to the manufacturer's instructions.

Alizarin red staining (ARS). ARS (Cyagen Biosciences, Inc.) 
was conducted to assess mineral deposition. Briefly, cells 
were fixed with 4% paraformaldehyde at room temperature 
for 15 min and stained with 2% Alizarin Red S (pH 4.2; 
Sigma‑Aldrich; Merck KGaA) at room temperature in deion-
ized water for 20  min. Subsequently, cells were washed 
with PBS and observed under a light microscope (Leica 
Microsystems GmbH, magnification, x100).

Reverse transcription‑quantitative PCR (RT‑qPCR). Total 
RNA was extracted from cells using TRIzol® (Invitrogen; 
Thermo Fisher Scientific, Inc.). Total RNA was reverse tran-
scribed into cDNA using the ImProm‑II Reverse Transcription 
system (Promega Corporation) following the manufacturer's 
instructions. Briefly, the reaction was incubated at 37˚C for 1 h 
followed by 95˚C for 5 min and 4˚C for 5 min Subsequently, 
qPCR was performed on days  0, 7 and 15 of osteogenic 
differentiation using TransStart Eco Green qPCR SuperMix 
(TransGen Biotech Co., Ltd.) and the following thermocy-
cling conditions: Initial denaturation at 95˚C for 10  min; 
40  cycles of denaturation/annealing/extension at 95˚C for 
15 sec; 60˚C for 30 sec and followed by final extension at 
60˚C for 35 sec. The following primer sequences were used 
for qPCR: SNHG1 forward, 5'‑ACT​CCA​CTT​CGT​GTC​TGT​
TCC​‑3' and reverse, 5'‑TGA​AGA​GCA​AGG​CCC​TGA​AT‑3'; 
miR‑101 forward, 5'‑GCG​CGC​ATA​CAG​TAC​TGT​GAT​A‑3' 
and reverse, 5'‑GTC​GTA​TCC​AGT​GCA​GGG​TCC​GAG​GTA​
TTC​GCA​CTG​GAT​ACG​ACT​TCA​GT‑3'; DKK1 forward, 
5'‑TGC​CCC​GGG​AAT​TAC​TGC​AAA​‑3' and reverse, 5'‑CTG​
GAA​TAC​CCA​TCC​AAG​GTG​CTA​‑3'; RUNX family tran-
scription factor 2 (RUNX2) forward, 5'‑CGG​AAT​GCC​TCT​
GCT​GTT​AT‑3' and reverse, 5'‑TTC​CCG​AGG​TCC​ATC​TAC​
TG‑3'; osteopontin (OPN) forward, 5'‑GAT​GGC​CGA​GGT​
GAT​AGT​GT‑3' and reverse, 5'‑GTG​GGT​TTC​AGC​ACT​CTG​
GT‑3'; osteocalin (OCN) forward, 5'‑GGC​AGC​GAG​GTA​GTG​
AAG​AG‑3' and reverse, 5'‑CTA​GAC​CGG​GCC​GTA​GAA​G‑3'; 
GAPDH forward, 5'‑CCA​GGT​GGT​CTC​CTC​TGA​‑3' and 
reverse, 5'‑GCT​GTA​GCC​AAA​TCG​TTG​T‑3'; and U6 forward, 
5'‑CTC​GCT​TCG​GCA​GCA​CA‑3' and reverse, 5'‑AAC​GCT​
TCA​CGA​ATT​TGC​GT‑3'. miRNA and mRNA expression 
levels were quantified using 2‑∆∆Cq method and normalized to 
the internal reference genes U6 and GAPDH, respectively (18).

Western blotting. Total protein was extracted from cells using 
RIPA lysis buffer containing protease (Beyotime Institute of 
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Biotechnology). Total protein was quantified using a BCA 
protein assay (Thermo Fisher Scientific, Inc.). A total of 100 µg 
protein/lane was separated via 10% SDS‑PAGE and transferred 
to nitrocellulose membranes. After blocking with TBST buffer 
containing 5% non‑fat milk (Thermo Fisher Scientific, Inc.) 
for 1 h at room temperature, the membranes were incubated 

with specific primary antibodies at 4˚C overnight targeted 
against: DKK1 (1:1,000; cat. no. ab109416, Abcam), β‑catenin 
(1:1,000; cat. no. ab184919; Abcam), RUNX2 (1:1,000; cat. 
no.  ab192256; Abcam), OCN (1:1,000; cat. no.  ab133612; 
Abcam), OPN (1:1,000; cat. no.  ab214050; Abcam), OSX 
(1:500; cat. no. ab209484; Abcam), collagen type I α1 chain 

Figure 1. Expression of SNHG1, DKK1 and miR‑101 during osteogenic differentiation. Expression of (A) SNHG1, (B) miR‑101, (C) DKK1, (D) RUNX2, 
(E) OCN and (F) OPN in osteogenic differentiation medium‑treated BMSCs at different time points. (G) ALP activity and (H) Alizarin Red staining in 
osteogenic differentiation medium‑treated BMSCs at different time points. Protein expression levels were (I) determined by western blotting and (J) semi‑quan-
tified for DKK1, RUNX2, OPN and OCN in osteogenic differentiation medium‑treated BMSCs at different time points. *P<0.05, **P<0.01 and ***P<0.001. 
SNHG1, small nucleolar RNA host gene 1; DKK1, dickkopf WNT signaling pathway inhibitor 1; miR, microRNA; RUNX2, RUNX family transcription 
factor 2; OCN, osteocalin; OPN, osteopontin; ALP, alkaline phosphatase; BMSC, bone mesenchymal stem cell; d, days. 
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(COL1a1; 1:1,000; cat. no.  ab34710; Abcam) and β‑actin 
(1:1,000; cat. no. ab8227; Abcam). Following primary incuba-
tion, the membranes were incubated with goat anti‑Rabbit 
IgG horseradish‑peroxidase‑conjugated secondary antibodies 
(1:5,000; cat. no. G‑21234; Thermo Fisher Scientific, Inc.) for 
1 h at room temperature. Protein bands were visualized using 
chemiluminescence ECL detection system (EMD Millipore) 
and the Bio‑Rad XRS chemiluminescence detection system 
(Bio‑Rad Laboratories, Inc.). β‑actin was used as the loading 
control. The proteins were quantified using Quantity One 
software v4.62 (Bio‑Rad Laboratories, Inc.).

Statistical analysis. Data are presented as the mean ± standard 
deviation. The unpaired Student's t‑test was used to compare the 
difference between two groups. One‑way ANOVA followed by 
Tukey's post hoc test was used to compare differences among 
multiple groups. Statistical analyses were conducted using SPSS 
software (version 18.0; SPSS, Inc.). P<0.05 was considered to 
indicate a statistically significant difference. All experiments 
were performed in triplicate and carried out at least three times.

Results

Expression levels of SNHG1, miR‑101 and DKK1 during BMSC 
osteogenic differentiation. After induction of osteogenic 
differentiation, the expression of SNHG1, miR‑101, DKK1 
and osteogenesis‑related genes, including RUNX2, OCN and 
OPN, on day 0, 7 and 15 were detected via RT‑qPCR. During 
the process of osteogenic differentiation, the expression of 
miR‑101 and the osteogenesis‑related genes were upregu-
lated, whereas SNHG1 and DKK1 were downregulated in a 
time‑dependent manner (Fig. 1A‑F). Moreover, ALP activity 
and mineralization assays indicated an osteoblastic phenotype 
(Fig. 1G and H). Furthermore, the protein expression levels 

of the osteogenesis‑related genes were also upregulated in 
a time‑dependent manner during the process of osteogenic 
differentiation, whereas DKK1 protein expression levels were 
downregulated in a time‑dependent manner (Fig. 1I and J). 
Collectively, the results indicated that SNHG1, miR‑101 and 
DKK1 served a regulatory role in osteogenic differentiation.

SNHG1 and DKK1 are targets of miR‑101. Firstly, the binding 
sites of miR‑101 on SNHG1 (Fig. 2A) and DKK1 (Fig. 2B) 
were predicted by bioinformatics analysis. The luciferase assay 
indicated that miR‑101 mimics significantly decreased the 
luciferase activity of SNHG1‑wild‑type (WT) compared with 
mimics‑NC, but miR‑101 mimics did not significantly alter 
the luciferase activity of SNHG1‑mutated (MUT), indicating 
a direct interaction between SNHG1 and miR‑101 (Fig. 2C). 
Similarly, miR‑101 mimics significantly decreased the lucif-
erase activity of DKK1‑WT compared with mimics‑NC, but 
did not significantly alter the luciferase activity of DKK1‑MUT 
(Fig. 2D). The results demonstrated that SNHG1 and DKK1 
were targets of miR‑101.

SNHG1 inhibits BMSC osteogenic differentiation. Compared 
with pcDNA, SNHG1 overexpression significantly increased 
the expression of SNHG1 and DKK1 (Fig. 3A), but signifi-
cantly decreased the expression of miR‑101 (Fig. 3A). The 
expression levels of the osteogenesis‑related markers were also 
significantly decreased by SNHG1 overexpression compared 
with pcDNA (Fig. 3B). Meanwhile, ALP activity and matrix 
mineralization were both obviously decreased by SNHG1 
overexpression compared with pcDNA  (Fig.  3C  and D ). 
Compared with pcDNA, the protein expression level of DKK1 
was significantly increased, whereas the protein expression 
levels of the osteogenesis‑related markers were significantly 
decreased after SNHG1 overexpression (Fig. 3E and F), which 

Figure 2. SNHG1 and DKK1 directly bind to miR‑101. Potential miR‑101 binding sites in (A) SNHG1 and (B) DKK1 mRNA were predicted by bioinformatics 
analysis. The effect of miR‑101 mimics on the luciferase activity of (C) SNHG1‑WT, SNHG1‑MUT, (D) DKK1‑WT and DKK1‑MUT. **P<0.01. SNHG1, small 
nucleolar RNA host gene 1; DKK1, dickkopf WNT signaling pathway inhibitor 1; miR, microRNA; WT, wild‑type; MUT, mutated; NC, negative control. 
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indicated that SNHG1 may inhibit osteogenic differentiation 
by regulating miR‑101 and DKK1.

SNHG1 inhibits BMSC osteogenic differentiation via miR‑101. 
To verify DKK1 was the target of miR‑101, BMSCs were trans-
fected with miR‑101 mimics and mimics‑NC. Compared with 
the mimics‑NC group, DKK1 expression was significantly 
decreased and miR‑101 expression was significantly increased 
in the miR‑101 mimics group (Fig. 4A). To assess whether 
SNHG1 regulated osteogenic differentiation via miR‑101, 
BMSCs were co‑transfected with pcDNA‑SNHG1 and miR‑101 
mimics. SNHG1 overexpression significantly increased DKK1 
expression compared with the pcDNA group, which was 
reversed by co‑transfection with miR‑101 mimics (Fig. 4B). 

The expression levels of the osteogenesis‑related markers were 
significantly decreased by SNHG1 overexpression compared 
with the pcDNA group, whereas co‑transfection with miR‑101 
mimics reversed SNHG1 overexpression‑induced effects 
(Fig. 4C). Furthermore, miR‑101 mimics also reversed SNHG1 
overexpression‑mediated effects on ALP activity and matrix 
mineralization (Fig. 4D and E). Collectively, the results indi-
cated that miR‑101 reversed SNHG1 overexpression‑mediated 
inhibition of osteogenic differentiation.

SNHG1 regulates the Wnt/β‑catenin signaling pathway to 
attenuate osteogenic differentiation. As DKK1 was identified 
as a target of miR‑101, whether SNHG1 regulated the expres-
sion of DKK1 and proteins in its downstream signaling pathway 

Figure 3. SNHG1 overexpression inhibits osteogenic differentiation. Effect of SNHG1 overexpression on the expression of (A) SNHG1, miR‑101, DKK1, 
(B) RUNX2, OPN and OCN in BMSCs. Effect of SNHG1 overexpression on (C) ALP activity and (D) Alizarin Red staining in BMSCs. Protein expression 
levels were (E) determined by western blotting and (F) semi‑quantified for DKK1, RUNX2, OPN and OCN in SNHG1‑overexpression BMSCs. *P<0.05 and 
**P<0.01. SNHG1, small nucleolar RNA host gene 1; miR, microRNA; DKK1, dickkopf WNT signaling pathway inhibitor 1; RUNX2, RUNX family transcrip-
tion factor 2; OPN, osteopontin; OCN, osteocalin; BMSC, bone mesenchymal stem cell; ALP, alkaline phosphatase. 
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was further examined. SNHG1 overexpression upregulated 
the protein expression levels of DKK1 and downregulated the 
protein expression levels of β‑catenin, RUNX2, OCN, OPN, 
OSX and COL1a1 compared with pcDNA (Fig. 5A and B). 
miR‑101 mimics reversed SNHG1 overexpression‑mediated 
effects on protein expression (Fig. 5A and B), indicating that 
SNHG1 regulated the expression of DKK1 and its downstream 
Wnt/β‑catenin signaling pathway by sponging miR‑101 to 
attenuate osteogenic differentiation.

Discussion

As a serious and complicated bone disease, OP is associated 
with a high risk of fracture (19). Previous studies have demon-
strated that abnormal BMSC osteogenic differentiation is the 
leading cause of OP (2,20,21). Therefore, regulation of BMSC 
osteogenic differentiation is a vital focus in OP pathogenesis 
research.

lncRNAs can serve a crucial role in the regulation of 
osteogenic differentiation. For example, lncRNA twist family 
bHLH transcription factor (TWIST)1 can promote periodontal 

mesenchymal stem cells from patients with periodontitis 
(PPDLSC) and periodontal mesenchymal stem cells from 
healthy microenvironment (HPDLSC) osteogenic differentiation 
by inhibiting the expression of TWIST (22). lncRNA‑OG was 
reported to promote BMSC osteogenic differentiation under the 
regulation of heterogeneous nuclear ribonucleoprotein K (23). 
Moreover, H19 imprinted maternally expressed transcript 
(H19) can serve as a competing endogenous RNA (ceRNA) 
to promote osteogenic differentiation via the Wnt/β‑catenin 
signaling pathway (24). Moreover, lncRNA SNHG1 can inhibit 
BMSC osteogenic differentiation by modulating the p38 MAPK 
signaling pathway (10). However, the downstream molecular 
mechanisms underlying the effects of SNHG1 in osteogenic 
differentiation are not completely understood. The present 
study indicated that SNHG1 expression was downregulated in 
time‑dependent manner during osteogenic differentiation, and 
SNHG1 overexpression inhibited osteogenic differentiation, 
indicating a negative regulatory role of SNHG1 in BMSC osteo-
genic differentiation.

ceRNA was reported to be a new regulatory molecular 
mechanism underlying lncRNAs, where lncRNAs function as 

Figure 4. SNHG1 overexpression alleviates BMSC osteogenesis differentiation by targeting miR‑101. (A) miR‑101 and DKK1 expression levels in BMSCs 
transfected with miR‑101 mimics and mimics‑NC. (B) DKK1 expression levels in BMSCs following co‑transfection with pcDNA‑SNHG1 and miR‑101 
mimics. (C) The expression levels of RUNX2, OPN and OCN expression in BMSCs co‑transfected with pcDNA‑SNHG1 and miR‑101 mimics. (D) ALP 
activity and (E) Alizarin Red staining in BMSCs co‑transfected with pcDNA‑SNHG1 and miR‑101 mimics. *P<0.05, **P<0.01 and ***P<0.001. SNHG1, small 
nucleolar RNA host gene 1; BMSC, bone mesenchymal stem cell; miR, microRNA; DKK1, dickkopf WNT signaling pathway inhibitor 1; NC, negative control; 
RUNX2, RUNX family transcription factor 2; OPN, osteopontin; OCN, osteocalin. 
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miRNA sponges to upregulate the expression of their targets (25). 
SNHG1 was also reported to function as a ceRNA and serve 
a regulatory role with this mechanism. For instance, SNHG1 
can regulate programmed cell death 4 expression by sponging 
miR‑195‑5p in hepatocellular carcinoma (26). SNHG1 can also 
antagonize the effect of miR‑145a‑5p on the downregulation of 
NUAK family kinase 1 in nasopharyngeal carcinoma cells (27). 
Besides, SNHG1 can promote osteosarcoma tumorigenesis by 
sponging miR‑326 (28). Therefore, the present study investi-
gated whether SNHG1 regulated osteogenic differentiation 
as a ceRNA. As miR‑101 was predicted to be the target of 
SNHG1, the expression of miR‑101 and its relationship with 
SNHG1 in BMSC osteogenic differentiation were investigated. 
Moreover, the results indicated that miR‑101 overexpression 
reversed SNHG1‑mediated inhibition of osteogenic differen-
tiation, indicating that SNHG1 served as a ceRNA to regulate 
osteogenic differentiation by sponging miR‑101. To the best of 
our knowledge, the present study was the first to suggest that 
SNHG1 regulated BMSC osteogenic differentiation by sponging 
miR‑101 as a ceRNA.

The Wnt/β‑catenin signaling pathway was reported to 
be involved in osteogenic differentiation, which was also the 
downstream molecular mechanism underlying a number of 
lncRNAs (29,30). For example, lncRNA H19 could promote 
rat ectomesenchymal stem cell osteogenic differentiation via 

the Wnt/β‑catenin signaling pathway (24), whereas lncRNA 
KCNQ1OT1 promoted osteogenic differentiation to relieve 
osteolysis via Wnt/β‑catenin activation  (23). In addition, 
lncRNA‑p21 was also reported to promote mesenchymal stem 
cell osteogenic differentiation in the rat model of osteoporosis 
via the Wnt/β‑catenin signaling pathway  (31). The present 
study indicated that the Wnt/β‑catenin signaling pathway was 
a downstream mechanism of the SNHG1/miR‑101 axis for the 
regulation of osteogenic differentiation, which was consistent 
with previous reports.

The present study had a number of limitations. The patho-
genesis of OP requires further investigation. For instance, an 
animal model should be applied to validate the molecular mech-
anism related to the SNHG1/miR‑101/DKK1 axis in regulation 
of BMSC osteogenic differentiation and prove its therapeutic 
potential. Therefore, the mechanism identified in the present 
study requires further investigation using in vivo models of OP. 
In summary, the present study identified a potential downstream 
molecular mechanism of the SNHG1 axis in regulating osteo-
genic differentiation, providing potential therapeutic targets for 
OP.
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